In this study, 16 irrigation schemes (Baklan, Irgıllı, Sütlaç, Çal, Çürüksu, Nazilli, Sarayköy, Pamukkale, Sultanhisar, Akçay, Aydın, Topçam, Karpuzlu, Işıklı, Gümüşsu ve Söke) having 166,381 hectares, built by State Hydraulic Works (DSI), and operated by participatory irrigation managements, and 14 hydroelectric power plants (HPP) operated and built on dams, canals and rivers by the public and private sectors are examined in the Büyük Menderes basin which is an important basin in terms of the agriculture, energy and ecology projects. Integrated basin management practices and the importance and role of irrigation and hydropower plant operation in integrated basin management, how it should be, optimal use of available water resources for irrigation and hydroelectric power plant operation, irrigation relationship with canal hydropower plants, operated under integrated basin management of irrigation and hydropower plants, environment and the ecological effects have been studied, and integrated basin management with the existing basin management conditions in terms of hydropower plant and irrigation operation on the basis of data of 2015 have been compared, reached important conclusions, and made recommendations on the subject.
Introduction
Integrated River Basin Management (IRBM), dealing with surface and ground water, soil and water resources in the basin boundaries, relationship between upstream and downstream of the basin, the relationship water using for different places and different purposes, and management, the determination of the basic relationships with water ecosystems in need of water, and to ensure cooperation between these relationships mentioned is to establish the legal and institutional mechanisms. When considering the concept of sustainable development, IRBM offers the most convenient way and assurance to ensure multi-purpose use of water systems reacting environmental functions for present and future generations.
The concept of integrated basin water management is considered the possibilities cycle, re-use, water demand, benefits, relations between human activities and the natural environment that supports the deterioration in water quality due to pollution [1] .
Integrated river basin management, according to the traditional water management is to use of a broader perspective, and includes pollution control and prevention, land use planning, agriculture policy, erosion control, environmental management and other political elements.
Integrated management is described as the planning of activities including management and use of natural resources existence of social, political, economic and institutional factors, taking into account for sustainable management and planned of natural resources in the basin [2] . With integrated basin management, conservation and sustainable use of the basins, which is effective in all institutions, policies and activities of the authorities and individuals, are given the provision of effective and regular coordination [3] . Hydroelectric production meets 19% of the world's energy requirements and constitutes one of the major driving forces behind the construction of the 45,000 large dams available in the world [4] . Electricity generation is very small effect on the amount of water (limited losses by evaporation from dams), but the release time of water for electric production according to demand curve is to change the hydrograph of river flows.
This situation is the cause of conflicts between the downstream user including ecological systems and hydroelectric, irrigation [5] . Integrated river basin management is composed of four independent elements. These are legal-institutional framework, planning, operation management and analytical support [6] . Each element reveals fundamental operable above the other. Four elements are important for integrated river basin management; however, management, because it directly affects the river basin is becoming much more important.
In this study, integrated basin management practices, the importance and role of irrigation and hydropower plant operation in integrated basin management, how it should be, optimal use of available water resources for irrigation and hydropower plant operation, irrigation relationship with canal hydropower plants, operated under integrated basin management of irrigation and hydropower plants, environment and the ecological effects have been studied.
Material and Method
Büyük Menderes river basin is in the Western part of the Anatolian peninsula; southwest of Turkey, between 37˚6' -38˚55' North and 27˚36' -30˚36' East ( Figure 1 ). The border of the river basin constitutes 3.2% of surface area of Turkey, and covers a part of Aydın, Uşak, Denizli, Muğla, Afyon, Isparta, Burdur and Izmir provinces. The river is the longest river in the Aegean Region of Turkey with 584 km length. The river is fed C. Koç by a number of streams in the basin. In summer, a great number of these tributaries dry. In Büyük Menderes Basin, effects of both Mediterranean and continental climates are visible. The average flow rate of Büyük Menderes River is 110 m³•s −1 [7] . Basin- Project irrigation area, type of irrigation schemes, water intake structure, the date of operation, water supply way of irrigation schemes located in Great Menderes basin are given in Table 1 [8] . All irrigation schemes of the basin are managed by Water User Associations. Land use in the basin consists of 44% agricultural, 33% semi-natural areas, 20% forested, 2% rural and urban areas and 1% in surface waters.
The amount of water used per hectare irrigation rate and irrigation efficiency in the irrigation schemes studied is calculated by the computer program Excel. The amount of water used per hectare (m³•ha −1 ) is calculated the total amount of water taken into the scheme divided by total irrigated area; irrigation rate (%), the actual irrigated area divided by the net irrigation; irrigation efficiency (%), total net water consumption of the crop grown in irrigated area divided by the total amount of water taken into the scheme. 14 HPPs in Büyük Menderes basin were built and under operation services ( Figure 2 ).
Names of Hydroelectric Power Plant operated, where it was built, date of operation, operating organizations, type of HPP, where HPP was built, total installed power (MW), project production values (GWh•year −1 ) and rates of production realized are given in Table 2 . Overall, the result of the new legislation at the beginning of the 2000s, on project approvals and licenses granted canal or river-off HPP facilities by the DSI with each other of irrigation schemes, General Basin Irrigation Plan is to be prepared and, the amount of water to be used during the season of each irrigation scheme is to be calculated. For the year 2015 that the study was conducted in the irrigation scheme, irrigation water used in unit area (ha) amount, net irrigation water requirements of plants, irrigation rate, irrigation efficiencies, total irrigation water used in the scheme, the total production value and average production values belonging to the irrigation schemes is given in Table 3 . •ha −1 in the basin irrigation schemes. Showing differences of irrigation water used unit area (ha) in the basin irrigation schemes stem from differences of soil structure in their irrigation area, climatic conditions, crop pattern, irrigation season length, field irrigation methods used in the irrigation area, and the inability to serve irrigation management organizations engaged in water distribution. Therefore, using an average value in calculations is not appropriate. Irrigation rate varies between 37% and 146%.
Conclusions
Irrigation rates in irrigation scheme studied vary quite a different and wide range.
[12], the irrigation schemes operated by State Hydraulic Works the in the years 1979 to 1990, irrigation rates show a quite different ranging from 117% to 32%. Irrigation rates, actualized between 146% and 37% in the basin irrigation schemes as well as in other irrigation schemes operated in our country show quite wide and different distribution.
Irrigation ratios are realized at high levels in the irrigation schemes that cotton, vegetables and citrus are grown extensively. Reasons of the low irrigation rate in the irrigation schemes are the scheme physical deficiencies, lack of water resources, and no irrigation of grain sowing areas. In order to increase irrigation rate in the irrigation scheme, it is increasing proportionally with the increase of production value. Low irrigation rates in the irrigation schemes lead to a reduction of the value of project production.
Irrigation efficiency which is an indicator whether used effective in line with the requirements of the water in the irrigation scheme, varies between 24% and 70%. Irrigation efficiency is the rate of meet the requirements of the existing water resources.
Plasquellec et al. (1990) stated that Asia, Africa and in their study in some of the largerscale gravity irrigation schemes in Latin America project, irrigation efficiencies vary between 26% and 70%, and often close to 40% [13] . Irrigation efficiencies of irrigation schemes studied are also consistent with these values. Irrigation efficiency is directly related to the amount of water taken into the scheme. Irrigation efficiency increase resulting from the use of technology in the basin irrigation scheme is not seen too much.
The total amount of water used in the basin irrigation scheme is 1,241,910,000
, which is about half of the basin water resources used for irrigation. The total production value obtained by the cultivation of the plants in irrigation schemes is actu- . The data on project production value and production values in year of 2015 of hydroelectric power plants operated in the basin are presented in Table 2 . Realization rate of energy production based on the project production value of HPPs ranged from 21% to 110%. . The total annual production capacity of the HPPs is 714.98 GWh•year −1 and 65% of production rate. 35% of the total amount required to produce is not generated for various reasons. The most important factors that prevent reaching the project production capacity of the studied hydroelectric project; deficiencies in water supply, fast and inadequate feasibility study, the length or shortness of the irrigation period, incorrect selection of turbine capacity, not overlap temporally full of energy production and irrigation, at times increase of energy demand due to the irriga- ). Unit water production value of hydroelectric power plants could not be assessed because of the amount of water used cannot be determined reliably.
Total production value obtained from irrigation and hydroelectric production is realized as 399,402,790 $US. The production value derived from agricultural production depends on irrigation is higher than obtained from energy. Especially, examined basin irrigation schemes and hydroelectric power plants built in conjunction, as they run together, the amount of water used should be planned so as to make optimum benefits from both sectors.
Recommendations
Recommendations for operation at the desired level with irrigation systems and hydroelectric power plants in the examined basin are given below.
Dry period being the lack of water resources, managers of the irrigation system should use simulation models and irrigation programs to provide assistance to water users as Basin General Irrigation Plan is prepared.
In order to save water and improve field irrigation efficiency, the using of pressure field irrigation systems (sprinkler, drip) should be expanded in medium pressure closed (pipe) systems built by DSI.
Water-saving irrigation techniques to reduce amount of water used per unit of land should be used and irrigation wage policy, encouraging water users should be determined in the examined basin irrigation schemes. Focusing on the amount of water used in irrigation charge methods (volume, time or number of irrigation) should be identified. This will increase the amount of water used in hydroelectric power plants, the management in the preparation of the necessary plans for the hydroelectric operations and irrigation will provide the necessary flexibility. [14] , South Sri Lanka are reported the amount of water used per unit area is higher than the standard, this stem from deep infiltration that occurs in agricultural areas, incompetence of the staff with the current water management organization, the use of continuous flow operation method in the period when there is plenty of water.
Hydroelectric Power Plant projects to be developed in the areas should be planned to the integrated river basin management. Integrated basin planning should be established by including representatives of various professional disciplines, local governments and civil society organizations.
Turbine flow used in the operation of hydroelectric power plants should be planned to overlap with the needed flow for irrigation. The water released from dams is taken primarily energy in the irrigation process, and then used in irrigation services. Determining the flow rate to be used in Basin General Irrigation Planning prepared with the participation of stakeholders in the basin, the minimum and maximum turbine flow of dam and channel hydroelectric plants should be taken into consideration [15] . Ap-C. Koç proaches based sector for water resources (only irrigation/energy) were effective in the past and still continues its activities. This type of approach leads to division and lack of coordination to the development and management of resources [16] . All planning to be made related to water resources in the basin; To be determined the present water potential and to be able to do the correct calculations of future, data of collected with appropriate method and presented to service of the user should be based.
In the preparation phase of the hydroelectric power plant projects in the basin; the people living in the area, the river inside live life, the water requirement of flora and fauna, sustainability of ecological systems, degradation status of forest, pasture, and in land, region-specific facility type selection, geological, topographic, climatic conditions of the facility areas, projects social and cultural effects, should be adequately assessed.
Early detection of regional water needs, to be regulated in a position to prevent the use of the water, to arrange conditions such as unwillingness to produce at the same time of upstream and downstream hydroelectric power plants, to ensure the upstream-downstream relations and control of water; necessary work and basin management system must be planned.
National methods for the determination of water released into the river bed from HPP to ecological should be developed. Determining this method, its own characteristics and characteristics of the surrounding ecosystem of each stream should be considered and must be based on scientific studies. Timing of release of life water and which institutions will control and enforcement mechanisms should be clarified.
